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Ruins remind us that complex and sophisticated civilisations have collapsed in 
the past. Could over-exploitation of natural resources, climate change, and/or 
hi-tech conflict lead to a dramatic decline of ours? And, if so, can we avert this 
fate? Michael Gross reports. 
Will our civilisation survive this century? Roman remains: Extensive ruins such as those of the Roman colony of Thamugadi (Timgad) 
in modern-day Algeria remind us that civilisations can and do collapse. (Photo: Wikimedia 
Commons/PhR61.)In 100 AD, the Roman emperor 
Trajan founded a new colony in 
Northern Africa, which he called 
colonia Marciana Traiana Thamugadi 
or Thamugadi for short. Planned to 
cover a surface of 12 hectares with 
its strictly rectangular grid of streets, 
the new town was located on a gentle 
slope with fertile soils and ample 
sources of freshwater. Its theatre 
measured 63 metres in diameter 
and could seat 3,500 people. It was 
settled by veterans of the Roman 
army as part of the expansion of the 
Roman Empire. 
What could have been just another 
milestone of Roman expansion 
now looks more like a turning point 
or a last fanfare for their world 
domination. Thamugadi was to be the 
last outpost built in Africa for Roman 
settlers, and the territorial spread 
of their empire reached its peak by 
Trajan’s death in 117 AD. Thamugadi 
grew and thrived for three centuries, 
but in the early 5th century, as the 
power of the Western Roman Empire 
waned and the Vandals conquered 
the area, its sunny days were over. A 
few conquests and reconquests later, 
the place was reduced to a military 
outpost of the Byzantine Empire. Its 
soldiers looted the derelict buildings 
for materials to build a fort next to the 
abandoned town. 
By the 18th century, when the 
Scottish explorer James Bruce 
saw the ruins and made drawings, 
only the tallest surviving structures, 
including Trajan’s Arch, were still 
partially above ground. Systematic 
archaeological excavations starting in 
1880 uncovered the largest and best 
conserved example of a Roman city 
built on a grid plan. The site located in 
the Northeast of Algeria is now known 
as Timgad. It became a UNESCO 
world heritage site in 1982. 
With its ruins stretching over 50 
hectares and only very few traces 
of modern life nearby, Timgad is 
a perfect place to reflect on the 
mortality of human civilisations. How can a thriving city just disappear from 
the surface of the Earth? Could our 
civilisation go the way of the Roman 
Empire and, if so, is the end nigh? 
Can an enlightened society recognise 
and avert its own decline? 
Cassandra calling 
At the beginning of this new 
millennium, there has been no 
shortage of Cassandras warning that 
our civilisation, just emerging from 
under the cloud of threatened mutual 
nuclear annihilation, was now heading 
for a collapse due to unbridled 
population and economic growth 
based on unsustainable use of natural 
resources. 
In his book Our Final Century 
(2003), astronomer Martin Rees took 
the cosmic viewpoint, identifying 
the dilemma of mankind as a crucial 
parting of ways for the history of 
the Universe. Our civilisation might colonise space, or it might self-
destruct. Rees considered both 
outcomes to have comparable 
probabilities: “I think the odds are no 
better than fifty-fifty that our present 
civilisation on Earth will survive to the 
end of the present century without a 
serious setback.” 
Two years later, Jared Diamond 
compared a number of complex 
societies that suffered collapse, 
including the Mayans, the Easter 
Islanders, and the Norse settlers 
in Greenland, in his book Collapse: 
How Societies Choose to Fail or 
Survive. Some of these populations 
completely disappeared from the 
area they inhabited, others were just 
reduced to a much smaller size with 
a less complex society. While some 
of the collapses he discusses are 
multi-factorial, all at least include an 
aspect of environmental problems 
and the failure of society to recognise 
them in time and deal with them 
appropriately. Which, of course, 
reminds us that today we have a few 
global environmental problems, and 
that the global community isn’t always 
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Melting point: The disappearing Arctic sea ice is a consequence of man-made changes to the 
composition or our atmosphere, just one of a dozen interlinked problems that may lead to the 
failure of our civilisation. (Photo: NASA/Kathryn Hansen.)dealing with them as efficiently as we 
would wish. 
At around the same time, biologist 
E.O. Wilson has also warned that the 
rapid annihilation of biodiversity and 
natural resources could spell disaster 
for humanity as well as for wildlife. 
The longest-serving Cassandra in 
the field, however, is the ecologist 
Paul Ehrlich, who rose to prominence 
in 1968 with his book The Population 
Bomb, arguing that the world 
population — then standing at less 
than half of today’s headcount of 
seven billion — was already beyond 
Earth’s carrying capacity. Ehrlich’s 
views had some influence on US 
politics in the 1970s. President Nixon 
set up the Environmental Protection 
Agency (EPA) with bipartisan support, 
and Jimmy Carter had an open ear for 
Ehrlich and other environmentalists. 
However, Ronald Reagan won the 
election against Carter by promising 
voters a land of unlimited opportunity, 
just brushing aside all environmental 
concerns. From that time onwards, 
views on environmental issues in the 
US have been disastrously divided 
along partisan lines. Caring about 
the environment and heeding the 
warnings of scientists has been 
associated with the left side of 
the political spectrum, while the 
right wing prefers to listen to those 
economists who tell them that human 
ingenuity and the markets will fix all 
problems.Throughout these decades, Ehrlich 
has continued to argue that limited 
resources and overpopulation could 
spell the decline of our civilisation in the 
near future. While some of the starkly 
Malthusian predictions of imminent 
global famines and resource shortages 
he made in the 1960s have failed to 
come true, the more general point that 
our affluent lifestyle is unsustainable in 
the long term has been confirmed, as 
new trouble spots have emerged.
Fatal flaws 
Diamond listed a dozen current 
problems that make our lifestyle 
unsustainable, including four losses 
of natural resources (habitat, wildlife, 
fisheries, soil), three ceilings (energy, 
freshwater, plant productivity), three 
emissions (chemicals, invasive 
species, gases affecting the function 
of the atmosphere) and two population 
problems (numbers and impact). 
Many who are equally concerned 
have focused on just one or a few of 
these — with climate change getting 
most of the attention recently. Different 
angles are also possible, as one might 
focus on biogeochemical cycles such 
as the carbon cycle and the nitrogen 
cycle (Curr. Biol. (2012) 22, R1–R4). As 
Diamond points out, however, these 
problems are all interlinked. Each one 
of them could get our civilisation into 
trouble even on its own.
While biologists often focus on 
the growing human population and dwindling wildlife populations, 
physicists may see the fatal flaw of 
our civilisation in its inability to cover 
its rapidly growing energy needs in a 
sustainable way. 
The Romans provide a helpful 
precedent to consider here. More 
than 200 causes have been proposed 
for the fall of the Roman Empire, 
and many of these probably played 
a role, but one obvious flaw in their 
system was that all their energy was 
produced by living beings, i.e. slaves 
and animals, and thus ultimately from 
grain. This worked well while the 
empire expanded, new lands were 
conquered, and new slaves captured, 
but from a certain size and complexity 
onwards, this energy supply was no 
longer adequate, as the military forces 
required to secure the provision of 
grains and slaves scaled non-linearly 
with the expansion of the empire. 
By the first century AD, the Romans 
had all components that they would 
have needed to build a steam engine, 
but they never put them together. In 
his book Superfuel (2012), arguing 
the case for safer, more sustainable 
nuclear energy using thorium instead 
of uranium, Richard Martin uses 
the parallel with the Roman energy 
crisis to warn that the unsustainable 
dependence on fossil fuels and dirty 
nuclear technology that evolved as a 
by-product of military development 
could lead the US and the western 
world into an energy bottleneck. Much 
like the Romans were blinded by the 
illusion of cheap slave labour, many 
people today are still blinkered by 
the illusion of cheap fossil fuels — 
witness the recent enthusiasm for 
the controversial exploration of shale 
gas reserves (Curr. Biol. (2013) 23, 
R901–R904).
Emerging powers, like India, may 
be more likely to bypass the energy 
problem if they plan their expansion 
wisely, but they still have the eleven 
other problems to worry about. And 
at the time of writing, another climate 
conference, COP19 at Warsaw, is 
probably not making much progress 
towards a global agreement to 
stop runaway climate change from 
happening. So is the globalised 
western lifestyle headed for a 
collapse and can we still avert it? 
What to do 
In 2012, Paul Ehrlich was elected a 
Fellow of the Royal Society. In the 
‘invited perspective’ paper to mark 
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Scarred Earth: Unsustainable use of resources and their extraction by brutal means, such as open-
cast mining, diminish the quality of our planet as a habitat for ourselves and many other species.the occasion (Proc. R. Soc. B (2013) 
280, 20122845), Ehrlich and his wife, 
social scientist Anne Ehrlich, address 
the question of whether a collapse 
of global civilisation can still be 
avoided. They state it as a given that 
we are headed for collapse, seeing 
that indicators like the “diminishing 
return on investment in complexity” 
are already evident. This criterion 
stems from the influential analysis 
by Joseph Tainter (The Collapse of 
Complex Societies, 1988). One could, 
for instance, recognise a reflection of 
this trend in the fact that the amazing 
progress in electronics over the four 
decades since the moon landings has 
brought us no nearer to colonising the 
Universe, but has given us Facebook 
and Grumpy Cat. 
The authors describe the ongoing 
collision between the human socio-
economic system and the biosphere 
system as “the human predicament” 
and state that “determining how to 
prevent it from generating a global 
collapse is perhaps the foremost 
challenge confronting humanity.”
Paul and Anne Ehrlich draw 
up a to-do list for mankind, with 
challenges to be completed by 
2050. These include cutting fossil 
fuel use by more than half, making 
water and food supply structures 
more flexible, banning the misuse 
of antibiotics in agriculture, and 
trying to curb population growth, 
such that it may stay significantly 
below the level of 10 billion, which 
is now widely predicted to be its 
peak in the second half of this 
century. They warn that “the time to 
start restructuring the international 
system is right now. If people do 
not do that, nature will restructure 
civilisation for us.”
They acknowledge the fierce 
resistance that such measures 
will meet, e.g. from the economic 
interests associated with fossil fuels. 
Another roadblock on the way to 
a brighter and safer future is the 
global trend of “endarkenment”, 
which they define as “a rapidly 
growing movement towards religious 
orthodoxies that reject enlightenment 
values, such as freedom of thought, 
democracy, separation of church and 
state, and basing beliefs and actions 
on empirical evidence.” 
Resistance from short-
sighted economic interests and 
endarkenment continue to endanger 
the most important part of the strategy to avert disaster, namely “an 
unprecedented level of international 
cooperation”. There is essentially only 
one successful precedent for the kind 
of global agreement needed to solve 
the human predicament, and this was 
the Montreal Protocol, which solved 
the problem of ozone destruction 
in the stratosphere by halogenated 
hydrocarbons. 
Since then, repeated international 
negotiations have failed to achieve 
something comparable for climate 
change, and many of the other 
urgent problems aren’t even being 
tackled yet. The problem isn’t in the 
science, which is clear-cut, nor in the 
communication of the science to a 
wide audience up to and including the 
political leadership. Technically, as the 
Ehrlichs point out, we should still be 
able to turn the ship around by 2050 
and avoid collapse. But then again, 
technically, the Romans could have 
built steam engines and abolished 
slavery. 
With the science, technology, and 
communication all available, the 
reasons why we’re not changing 
course must be in the psychology of 
the human population. The crew of 
spaceship Earth is split into tribes 
that have a long cultural tradition of 
collaborating with the fellows from 
their own tribe and competing against 
the other tribes. “We can cooperate 
with our in-group members, but 
not with the out-group. We need an 
invasion by aliens to create a world-wide in-group,” explains psychologist 
Chris Frith from University College 
London. 
Indeed, a clear and present danger 
can produce global collaboration, like 
the ozone hole did for the Montreal 
Protocol. Even a global in-group 
wouldn’t work for very long, as Elliot 
Sober and David Sloan Wilson have 
pointed out, because the competition 
between in-groups is needed to 
minimise the cost of free-riders. So 
only a temporary global alliance to 
address the acute danger might work. 
The question is, in the absence of 
invading aliens, is our home-made 
“human predicament” too complex 
and diffuse to rally all tribes in a 
meaningful response? 
To make matters worse, 
environmental change is only 
observed on the timescale 
of decades, because natural 
fluctuations drown out any changes 
on shorter scales. Democratic 
politics and economic decisions, 
however, are made on the timescales 
of four to five years and thus rarely 
take into account what will happen 
beyond that time. Also, as the 
Ehrlichs write in the conclusion 
of their perspective paper, the 
significant costs that any dramatic 
measures would incur would hit the 
budgets now, while the benefits 
would only accrue in the future, and 
most likely only in the negative form, 
as the avoidance of a disaster.  Thus, 
the temptation for decision-makers 
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Clogged up: Paul Ehrlich has argued that 
human population growth is the most funda-
mental root of the environmental problems 
we are facing, but the lifestyle of populations 
is equally important, as a person with a west-
ern, resource-intensive lifestyle is many times 
more of an environmental burden than a per-
son in a developing country.  
Ominous signs: A new study reports that the diatom populations of several lakes in the Hud-
son Bay Lowlands have undergone synchronous changes that coincide with a recent rise in 
temperature. There is a worry that these changes will cascade through the food web, possibly 
affecting many species. Top panel: an aerial photograph of lakes typical of the region. (Photo 
courtesy of Kathleen Rühland.) Bottom panels: examples of diatoms, microscopic algae that 
adopt a huge variety of intricate shapes. The bottom-left panel is Diploneis sp. and the bot-
tom-right panel is Navicula sp. (Images courtesy of Daniel T. Selbie and Kathleen Rühland, 
respectively.)in politics and business to sacrifice 
the well-being of a faceless future 
population for the short-term benefits 
to be gained for present-day voters 
and shareholders appears to be 
irresistible. 
While the Ehrlichs and the other 
scientists cited here all tend to end 
their dire warnings on a more hopeful 
note, emphasising that a change 
of course is still possible, none of 
them seems overly optimistic that it 
will actually happen. While the older 
generations of today’s population 
may not live to see our civilisation 
fall, Rees’s fifty-fifty odds are an 
uncomfortable thought for all of us 
who want to leave a habitable world 
to our grandchildren. 
The present-day Algerian town 
of Timgad has built a new theatre 
right next door to the Roman ruins. 
Maybe international meetings like 
the COP climate change conferences 
should be held there as a matter of 
principle. Contemplating the traces of 
a collapsed civilisation can clear the 
mind considerably. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web 
page at www.michaelgross.co.ukAn Arctic refugium 
under assault
Due to their special geographic 
circumstances, some places on earth 
are resistant to global warming. But 
a new study of an arctic refugium 
suggests it’s only a matter of time 
before climate change breaches the 
defenses. Cyrus Martin reports.
As greenhouse gases spew into the 
atmosphere, the earth’s average 
temperature continues its slightly 
chaotic but unmistakable rise higher 
and higher. But this bird’s-eye view 
disguises considerable variation 
happening on a regional scale. While 
the Arctic, for example, is warming at 
a relatively rapid pace, there are some 
corners of the earth that have evaded 
global warming’s reach. Take the Hudson Bay Lowlands (HBL), a remote 
region in northern Canada roughly the 
size of Alaska. Described as one of the 
last Arctic refuges, the HBL contains 
some of the largest peatlands in the 
world and is dotted with numerous 
shallow lakes that drain into the 
Hudson Bay, which the region abuts. As 
far as scientists can tell, while the rest 
of the world started heating up during 
the latter half of the 20th century, the 
thermometer in the HBL refused to 
budge, and in fact the climate has been 
stable for the last 1,500 years or so. 
This surprising meteorological anomaly 
is explained by the HBL’s proximity 
to the vast bay, which has historically 
become inundated with ice every 
autumn, providing an effective heat 
shield for the region.
This all changed in the early 1990s 
when the HBL underwent a dramatic 
shift in climate, owing at least in part 
to diminishing ice in the bay. After 
